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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing a nonaqueous electrolyte secondary 
battery, which although using an oxide of lithium and 
manganese as its positive active material, inhibits 
denaturing of the positive electrode material and 
degradation of a crystalline structure due to a cycle of 
charge and discharge and is therefore superior in 
discharge-load and cycle characteristics, and the 
positive material. 

SOLUTION: This battery comprises a positive electrode 
2 using an oxide of lithium and manganese as its active 
material, a negative electrode 3 which can be doped and 
undoped with lithium, and a nonaqueous electrolyte, the 
diffraction peaks caused by the X-ray diffraction of the 
lithium-manganese oxide being such that the intensity 
ratio (400)/(31 1) of the diffraction peaks between a 
(31 1) face and a (400) face is 1.05 to 1.20. The lithium- 
manganese oxide is obtained when a mixture of a lithium 
source and a manganese source, such that the atom 

ratio Li/Mn of lithium to manganese becomes 0.505 to 0.525 is heat treated at 450°C or less, 
then cooled to the room temperature, then crushed for mixing, and again heat-treated at 650 to 
780°C. 
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d£OX^mpft-^i±, Xt*/HLiMn 2 
0 4 <?DX«l5ISft-^fc-grr4|lBife-^S:*LTV^ 
*. tctS. (311) Bt*ttfJ^-*EI«t-^i: (4 1 

i ) fEizusstiSHn e-^o»«jt (400/0 

1 1 ) II 1 . 0 lTA^it. 
[0068] Jt«gj|5 

**is*m<C?ViiVb-m.\V) l-VAbiMFFitVM 
n : L i = 1 : 0 . 515i:3:Si3 tftS L?L»(CA 

^P5rffl^T2M#H^T4 0 0"Cf3«fia»S!lffl-& 

l. nt/'^co^^7 5 0'CT'i 2mfflfmm£mL. m 

[0069] »^^iEffivg^s^v>T . x&mvm 
j££?f~>tzbc\*>, mi 5tz^x*m&rt:'-?tfmm 

ZtUc. ZCDXmmftt'-tlZ, xM/HLiMn z 

o 4 co xmmm t - 7 1 & mw t - ^ l t ^ 

6. Srfc. (3 1 1 ) Wlzttm-t&mffit'-fb (4 1 

1 ) ®tc**j&*smsfe-?<z)5ajKifc (400/(3 

1 1 ) (1 1 . 0 5X'b^>fz. 
[0070] fe|^j6 

ft^t^»#H»T»fijK4 0 ox^x-mm^mL. 
zcofmfa£mi&±x'<%mmvmiim£L. mz^ z 

2»»H»TJifflfcffl* 8 0 0°CT«aSrS6 



(7) 
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[007 1 ] »6*lfcjMffi»«CO^Ts XttHJfjg 
SS-fif-oTttd^, Hi 6{cjjcfxt*lilSfe-?a*«8l 

3 ft*:, zcoxmmart'-^ii^ xW-;HLiMn 2 

0 4 <ox*iii#f t - 9 1 -m- 1 mm t- ? lt v > 

( 3 1 1 ) ffl^^-r&Etft-^t (4 1 
1 ) Bfcfcrjfr*-* 0*f tr-^coSflSifc ( 4 0 0 ) / ( 3 
1 1 ) tt. 1 . 0 7T**ofc. 
COO 7 2] Jt»W7 

ftfcjfc:. ^#H»TMfc&K4 8 ot;t«ii£- ti 

l , 5 1 mmzitmmmzntz . 
[0073] »fe<tfcjEKsiwtfc:oi»T. xtgmmi 

^ff^tt;^, Hi 7C^x«nijftr-^AtKai 
Sftfc. i<50Xttig*ft-^(i s XK*/H!LiMn, 

o 4 <ox«mjf t '-9 1 -ic-t-s miff tr-? lt h 

*. =3r*5» (3 1 1 ) W,zttmthmiV—?t (4 1 

i ) nfcwjcrs mft^-? vmmt (400/(3 

1 1 ) (4. 1 . 0 2-C*oJt. 
[0074] Jt^MS 

n:Li = l:0. 5 2 5 t J: 3 (cateU jDEfig 
SLfc. >I^)SMfr$r^#H»TjD^aJK3 5 0°CT 

&«yi£*fcu ^^msHmTMfi^soo-cT* 

MH£*U *tt«5t|B|«fc:tTjEflEJgftK*#fc. 
[0075] n^tltzSMWflm^^X . X^0^« 

sgs-tf-^^t^^, ai 8fc*rx«Gijffc:-?anH« 

Sftfc. JKOX»EBffe-^ti. Xt^HLiMnj 
O 4 <oXtt0Sf f-? fc -grf 6IeUff £SLT^ 

s. (31 1 > m\znm-hmxv—7t (41 

1 ) Bfc^JG-r&EJDftr-^^Ktt; < 4 0 0 ) / ( 3 



1 1 ) (4. 1 . 2 2t*oit„ 
[007 6] ggjilgMi 
ELL. ^*Ml-IQt0ij8"C1#4>^IS?gfljS«. 4 

5 o •cjjiTTjD^a $■ o m i <wixs t , m 1 o 
«ynsT» ^ti^m^irnmvm^L-z e 5 0- 
7 8 oxrrinJRWifc ?f52o«uixi§£jSTf£S!i$ft 

»±, ( 3 1 1 ) at (4ii) ffiom^f tr-^^ojt 

(400)/(31 1)*>'l. 0 5-1. 2 0(C^i$lJ§ 
ftS. 

[0077] ZtUZtt I < JtR0» 1 -ifcHS^J 3 atf Jt« 

w 6 -jti^j 8 ti# <i jebshmr i . s& 2 ^ax 
s^anasawE^s 5 0 l<«7 s o-c^mtx 

n&fctf>. OlDffit (411) fficr>®#rh°-f%z 
£Jt(400)/(31 1) tf±3Zmffi&ffit: LT^& 

#>(C*t-f& Uf-^ACOUT Jtxj& { 0 .52 5 ZMtZ 
fzib . *^BJco B W "t 4 tH 1 ffi<o«IiJtt#» £>ft & 
v>. $£>fz, Jt«#J5{4, Sillc^SX^tS^^XPI 

[ 0 0 7 8 ] ±iBLJt«3t^t «t Off 4>^H 
fflft 1 ~^tfcW4AlXJt«t0! 1 ~Jt<RM4 ^DIEtsiS^Jt 

(J I S$f§M8 2 3 2C:J:&) (CJ; 9£!I5£U 

ftmmmzmiizmi-. 

[0079] 
[*tl ] 



L i ,Mn 2 O y 


L i 


X 


Mn 


y 




3.97% 


1.03 


5 9.7% 


3.97 




3.95% 


1.025 


5 9.8% 


3.98 


HJM3 


3.92% 


1.02 


5 9.8% 


3.98 




3.91% 


1.02 


5 9.8% 


3.9 8 


J:fc#FJ 1 


3.96% 


1.03 


5 9.7% 


3.97 


JtlRW 2 


3.93% 


1.02 


5 9.8% 


3.98 


J:fc&FJ 3 


3,93% 


1.02 


5 9.8% 


3.97 


i±E0*J4 


4.02% 


1.05 


5 9.2% 


3.91 



[oo80]^i (omskiph. imffimm&mzttvs l 

[0081] i&iKMaftmtztwbtvtz 
m/ymm 1 —tt%m 4 ^iEffivs^stc out, -t 



[0082] 
[«2] 
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5 0 






[am] 


Cm*] 




2 5 


3 . 2 


2 


2 2 


3 . 5 




2 2 


2 . 7 




2 2 


2 . 9 


ttnrn i 


1 7 


3 . 8 


I±**#)2 


3 2 


1 . 5 


tfc*fW 3 


2 7 


3 . 7 


tt*«4 


2 5 


3 . 5 



i o o 8 3 j «nit«f!T»/>*utiE«siwr(i, a 2 1 

[ 0 0 8 4 ] * , UttM 5 -HifeM 8 AtttfcKW 5 - 

U. SR^FSrfflvv ffijR^CTffai 0*C/^i0^j$T' 
£a*»G>9 0 0*C£-C#iaS-ti\ #*»*tt£fOM^ft: 

aKSris^. ^-«*s*Sria2os.u £ '*3tc^-r < . 112 

*IS*#Wfttt (DTA) fcSLfc. 
[0085] 
[*3] 





[XS] 




7 7 0 


mot 6 


7 8 0 


&fi£frj 7 


7 80 




7 8 0 


it«t«U 5 


8 10 


tb4KM 6 


8 1 0 


ttttffll 7 


7 5 0 


JtKOT 8 


8 2 0 



[00 86] ztit>0ttsifrt>. mm5-mmM8cr> 
wwswtti, umasffiMufia o o 'c\XYt% & t 

[0087] Siffi^ffl* 

»&0|J 8 » tmm 1 ~Jt»W 8 > Sfflwt s H 1 9 



[0088] 5fe-f jfeA^C, Z^cryJEmSVaMZ-ffimt 

LZW7 r >£S4JfrC 9 0 : 7 : 30*iJ 

3"CiB£Lfc. *rix£5 0mgft9K9. T/US^^A 
* -/ h fc 1 t> tJnEr U^SBTttg 15mm, W-fr 
0.3mm fcflnffifcg Ls 120 'CT 2 ffilX^ § 
tfTIEffi^U-y h2£ft§!!L*:„ 

[0 089] m^i: LTti. Jf^l . emmcOUf-^A 
lR£fffi£U ESI 7mm(cfT^*V»Tflffi^U-y 1-3 

^ -y h 3 SrMEruxgaT'ffi&Lfc . 
[00 9 0] ±iEjE«^U-y h2 5r^MS5CiB 

S!L ffiiRA : Hrvl^f- K# 2 5 0 2 ) 6 Ut. i 

-**.-f f> = i : i) diPF^i ^ /p/ i x-mm 
mmm u m lemn^ u ■•/ h 3 

OU. >IiX(cJ;0- itfl20mm, ff^2. 5mmO 

[0091] maaan 

**feCT 1 -mmm 4 &i>'jt«^j 1 -Jtts^ 4 r?# ^ *t/ w > 

[0092] 
[«4] 





[V] 


[Q] 


1 


2.96 


1 2 


mmm 2 


2.95 


1 2 




2.96 


1 2 


mmm 4 


2.97 


1 2 


nm\ 1 


2.98 


1 3 


ttttpi 2 


2.95 


1 3 


tt«flF| 3 


2.96 


1 3 | 


tfc«flH 4 


2.95 


1 3 



c 0 0 9 3 ] ^4 comm*t>*>fr& x 5 uttM 1 - 

^MM 4 RX/ttMM 1 ~it«^ 4 Ol:?fifcfc (i , ^ 

[ o o 9 4 ] t tz. mmm i ~~nmM8&xfttmi 1 - 

[00 9 5 ] jfc-f, 1KS«JK0. 5mA/cm!, _hl 
«BE4 . 2 VT 1 2 *IH£Ctfc, IS^JS 0 . 5 mA/ 
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0mA/cm2±|IgU±4. 2VT"5. 5«#fil5fc*U 
SKftftKl. OmA/cm2T-^jJ:€JE3. OVSfSt 

[0096] -t LT» iie^TOcov . 
SBORfcLT. «8WP*1. OmA/cm^ lifff 
4. 2VT-5. 5H*ISBEttU fltSKfiflEO. 5-5mA 
/cm2T'3. OViTHWLfc. <I*l£tf)tS*£02 
iatfH2 2fc^. 

[0097] i/i, ±fe<0m?ft(COV^T . ttftfclM ? 
'HSMfcLT. *SIH&Kl. OniA/cm*. ±P€ffi 
4. 2VT5. 5B^Sl3fc*U . OmA/c 

frofc. •rfHb<7>*£H£02 3&l>'02 4(Cijc?\ 
[00 98] 02 l~H2 4c0fe**^i)*^a:^t, 

-7fci5l,vC, ( 3 1 1 ) mt (4 0 0 ) fficomftft- 
?<rm%Mu (400)/(3 1 1)in. 05-1. 2 
0T'£>ft Uf-^Av^ylMtift^jESfflftKfcfflV^T 

<. ^^/MtttCflbxTV^. (400)/ 

( 3 1 1 ) = i . 10-1. 1 5ffmmttizfohmm 

1 -^JfcffJ 3 fttf^ftfll 5 -fWJ 7 « , wearer 
=HH±(eS*lT^ft cr>ti<frfrZ> . 

[0099] -wit^u jt«0i i -it«m3avjt« 

W6~JtK^8{±, S52(?5»aXStfeV^, 6 5 0- 

7 8 ox:coa^frrtTinBR«rai*tf^*3&»-3fc/£«>. 

ieiSJ£$Effl£ift?tLTVvei,. SH«*Mtr8co» s s 

A<7)jg»iMtxJi s 0. 5 0 5 — 0. 5 2 5T'J>ft<r tifi 
Jtt^5**fftfi, jEKSUfltO ( 4 0 0 ) / ( 3 1 

[oioo] ja±»te»*»^, ^mza^xit. ■?> 

tfyizm-tOf-^JxCOW^itL i/MnA*0. 505 
-0. 5 2 5i:^rl. ) Jf-«>Avy^'yj|g5-4 5 0'CiaT 
T DdMIHt 3 SB 1 co«IXS t. Ml <0«U1XST- 
»£ftfcS£fr£H*tS»feK£LT 6 5 0-7 8 0t? 

o ffl 2 ©MIS t Srft C t . 
xe^«fit*L. (31 (411) ffi<O0 

ftt-r&mt ( 4 o o ) / ( 3 1 1 ) an . 05- 
1 . 2 0 fcfr * y ■f-^Av>^vBMMfct#* i t #t 
4^, z\<r>&o\ l zLxvkhtihi£m&fa'm±. f& 
mmtimm? q 0 0 -cot t ft . 
[ 0 1 0 1 j laLfcKutttj: oft ^n^i 



(31 1) ft (400) Mfcc7)I5li(ff-^c7)3SJ£Jt*< 

SiffHJSfx, sAfta»se* ? 8o o*cjaTts*isiiT 

&ft,r 3EK€-f-f ?Mzfto ?!■>(?> 

?)\s®mzmxfz to t&ft . 
[0102] 

Bfl(cJ:ntf, xtr*;i/«JtSr^L, % (3 1 1 ) ffii (4 
0 0 ) ffi<D0#ft-?3ftgJt ( 4 0 0 ) / ( 3 1 1 ) # 
1. 0 5-1. 2 OI,zmiZilfzV*V£.~? 

f - ^ a ~? y if >mm z jEwswKizm mzttzx 
*u msMwm. im 9 )vmn,zmxtzmmmi- 

[0H«9fS#3rianj] 

[ 0 1 ] x v*/mmm ^^-tm^mxh & . 

[02] L i M n j O, cox f */U-SflBi<0 h y^ivoM 

wm&wm- hm&mx~foh. 

[03 ] mm i ox^mtff t?-? z^-m amx-h 

ft. 

[04 ] *ttW2<?DX*B*ft-7£;^#teiaT*> 
ft. 

[05] ^*6CT3c?)X|g|lli(ftf-^S:^^'|t0t^ 
ft. 

[06 ] ^t6«4 OX^Hiff h- ^ Sr^rTWttHT* 
ft. 

[07] ^JfeCT5cr»XM[l]Wt-^^^-r#tt0T-$) 
ft. 

[08] £H^6«9X*@We-?£3jrf1*tt0T& 
ft. 

[09] ^ttW7<OX«l|lHJfir-^SrSrfWttaTft 
ft. 

[01 0] «MEW8<?5X||III#ffc:-^t^rrf$ttHT , ft 

ft. 

[0i i] im^ncoxm.m^—p^w.-tm'&mx'h 
ft. 

[012] Jt«W 2 <9 XttEfof e-i? **tffl^T* 

ft. 

[013] Jrt©0>l3OX^15I^b = -^^5K-r#tt0T"$> 

ft. 

[014 3 lbt!PJ4OX^[5Ilfrh°-i?^7K-t!Wtt0-C-S> 
ft. 

[0i 5] htmi\5cr)xu®vx¥-7*^m'&mx'h 

ft. 

[01 6] ]mmecoxm.m^-9^-tn / &mx'h 

ft. 

[0i 7] Jt«^j7«oxiaiiit)fe-^$-^!|ftt0f35 
ft. 
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[Bis] s so x&[5|#r tr- ? £ ^-t^mmx'h 
[020] mmm i cryjEmtswg^&ttmmiz x &ftm 



hi,. 

[02 3 ] -«M ^&£ft^ii^Wffi£^-t#'l40 



[024] -»m ? imtim^kcrym&zm-tmm 

[ft^lM] 

1 n-f 2 IE®^.WK 3 ftffi^W 

K 4 *ifiSL 5 6 -tr^p-? , 7 # 



[01 ] 



[02] 





[019] 




(11) 

[04] 



mm 5 ? 10-125324 



ft* 



1 0. DO 20. 00 30. 00 



A 



1 1,1 . 1 , 



40. 00 50. 00 60. 00 
28 Cu K* 



iL i( il 



70. 00 



85. 00 



[05] 




1 0. CO 20. 00 30. 00 



40. 00 50. 00 60. 00 
2S Cu K* 



70. OC 



85. 00 



[06] 





LI , U ■ 


1 1 J 


— Li — jL — L — *a k k 



10.00 20.00 30. 00 40.00 50.00 60.00 70.00 85.00 
23 C u Ka 



(12) 
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[07] 




1 0. 00 2D. 00 30. 00 



40. 0D 50. 00 60. 00 70. 00 
29 C u K * 



85. 00 



[08] 





. . 1 


J . j 





10.00 20.00 30.00 40.00 50.00 60. CO 70.00 80. DO 90,00 



m9] 



. j 




LI 





1 0.00 20. 00 30. 00 40. 00 50. 00 50.00 70. DO 80.00 90.00 

26 Cu K« 



(13) 
[010] 



ftfflW- 1 0-1 25324 









1, lA la 1 A 



10.00 2D, 00 30. 00 40.00 50.00 60. DO 70.00 BO. OD 85. Q 0 

28 Cu K* 



mi 1 1 




1 0, 00 20. 00 30. 00 40. 00 50. 00 60. 00 70. 00 
ZB Cu K* 



B5. 00 



[HI 2] 




1 0. 00 20. 00 



85. 00 



(14) 
[HI 3] 



mm^F 1 0-1 2 5324 




1 0. 00 20. 00 30. oo 



40. 00 50. 00 60. 00 10. 00 

28 C u K ar 



85. DO 



[014] 




10.00 20.00 30.00 40.00 50,00 60.00 
2d C u K« 



70. 00 



85. OO 



imi 5] 




1 0. 00 20. DO 30. 00 40. 00 50. 00 60. 00 70. 00 80. 00 SO. 00 

2* C u Kcr 



(15) 



nmW- 1 0-1 25324 



[HI 6] 




1 0.00 20.00 30.00 40.00 50. GO 60.00 70.00 80.00 9C. 00 

2 3 C U Kae 



mi 7] 




10.00 20.00 30. 00 40. 00 50.00 60. OD 70.00 80.30 90. DO 

25 Cu K« 



[018] 








L , 





10.00 20.00 30.00 40.00 50.00 60. 00 TO. 00 85.00 
2* Cu K« 



(16) 
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[02 0 ] 





5 0 








40 








30 




£fi 






DTA 




20 








10 > 








0 — 
















-20 








-30 


1 f 1 


I i i i 


t 


-40 
-50 



0 100 2DO 300 4D0 5D0 600 700 &00 900 

3g (t) ±H»E1 Or/ml n 



[02 1 ] 





140 








120 






















N. 
<: 


1 00 






E 


BO 








mmu 




w 


60 


imm?- 




BO 




kmi 






40 


ltM4 






tfcS0J3 






20 


1 1 1 1 1 L-l 


-J— 1 1 1 1 — 1 — 1 — 1 1 1 



0. I 1 10 

ft (mA/cin 2 ) 



[022] 



[024] 




140 



> 120 



mm 

U3Mi8 

mm 



100 



© aft (mA/cm 2 ) 



1 D 




(17) 
[023] 



nm^- 1 0-1 25324 



1 4 



I2C 

CO 

\ 100 
< 

E 

~ 80 

m 

50 
40 h 
20 



to 




20 



40 

•SM^Jb No. 



5^BW2 

-— 3QM3 

— %m}2 

-— mm) 

— "JomA 



60 



ao 



